ABSTRACT Seasonal abundance of ectoparasites was estimated from monthly collections of Eastern (Sturnella magna (L.)) and Western (Sturnella neglecta Audubon) meadowlarks in Starr County, Tex. Ecological relationships of ticks, Amblyomma maculatum Koch, Amblyomma inornatum (Banks), and Haemaphysalis leporispalustris (Packard) (Acari: Ixodidae); lice, Menacanthus sturnellae Price (Mallophaga: Menoponidae) and Bruelia picturata (Osburn) (Mallophaga: Philopteridae); and louse fly, Microlynchia pusilla (Speiser) (Diptera: Hippoboscidae) are discussed. New host records are noted for A. inornatum, M. sturnellae, and a single specimen of Columbicola macrourae (Wilson) (Mallophaga: Philopteridae) from an Eastern meadowlark. Recovery of three genera of astigmatid mites, one genus of prostigmatid mites, and three genera of mesostigmatid mites is mentioned.
ner) (Hixson 1940 , Semtner & Hair 1973 . The ground-inhabitating birds, especially Eastern meadowlark and bobwhite quail, were found to be the major hosts for immature A. maculatum in Oklahoma (Semtner & Hair 1973 , Koch & Hair 1975 . Seasonal abundance of larvae on Eastern meadowlark, deer mouse, and cotton rat in Oklahoma peaked from late June to mid-July followed by peak abundance of nymphs from early August to mid-September (Semtner & Hair 1973 , Williams & Hair 1976 . These findings contrast significantly with reports of tick activity in Georgia (Bishopp & Hixson 1936 , Hixson 1940 the inclusion of additional findings of other ectoparasites. with woody shrubs and trees, predominantly mesquite, Prosopis glandulosa Torrey; catclaw, Acacia greggi Gray; wolfberry, Lycium berlandieri Dunal; cenizo, Leucophyllum frutescens (Berlandier); and huisache, Acacia farnesiana (L.). Attempts were made to collect meadowlarks using a mist net arrangement described by Terracina & Craven (1979) . This method collected few meadowlarks and was abandoned in favor of collection by shotgun. Although collections were stratified across canopied and noncanopied vegetation communities to minimize bird habitat bias, we observed individual meadowlarks to utilize routinely both types of vegetation communities; therefore, data were pooled.
Materials and Methods

A survey of Eastern and
Upon collection, birds were sealed individually in plastic bags and frozen. Ectoparasites were collected from birds in the laboratory by placing thawed individuals into a wide-mouth glass jar (1.9 liters) containing a solution (ca. 1.4 liters) of 0.5% dishwashing detergent and 0.5% commercial bleach (5.25% hypochlorite) by volume (Lipovsky 1951 shake, a mist of ethanol (95%) was sprayed into the jar to dissipate bubbles. The solution was filtered through a Buchner funnel (17.2 cm diameter) using Whatman no. 3 filter paper. Ticks were removed from the filter paper under a stereo dissecting microscope. Immature ticks were prepared for identification by clearing in Nesbitt's fluid and mounting in Hoyer's media on glass slides (Krantz 1978) . The washed meadowlark was examined visually for any ticks and other parasites that were not removed by the previous procedure.
Results and Discussion
Immature stages of A. maculatum, Amblyomma inornatum (Banks), and the rabbit tick, Haemaphysalis leporispalustris (Packard), and male A. inornatum were collected from Eastern and Western meadowlarks. Infestations show distinct differences in host utilization between species.
A. maculatum. Larvae were first collected on Eastern m~adowlarks in July (Fig. 1 ). These infestations occurred 1 mo after we observed the first female A. maculatum feeding on cattle during bimonthly inspections for the adult ticks in the bird collection area. Larval infestations of meadowlarks were at their highest levels from November through January,' a period coincident with the influx of overwintering Western meadowlarks. The first A. maculatum nYJ;Ilphs were collected in November on Western meadowlarks, 4 mo after the initiation of larval feeding activity on meadowlarks. Nymphs were collected from meadowlarks from November through April, with highest numbers collected from birds in February. Table 1 shows that from November through March >50% of the total meadowlarks collected were infested with immature A.
maculatum. During peak larval infestation (December and January), birds yielded an average of ca. 6 larvae per bird (Fig. 1) , with a maximum single infestation of 91 larvae occurring in January. During peak nymphal infestation (February), birds yielded an average of 1.8 nymphs per bird ( Fig.  1) , with a maximum single infestation of 7 nymphs.
In 1981 and 1982, first adult feeding activity observed on cattle was initiated by male ticks in April followed by females in June (Fleetwood 1985) . The annual population of active adults was determined by Fleetwood (1985) to be composed of ticks that molted from fed nymphs during the winter and those adults that survived from the preceding year.
Seasonal activity of immature A. maculatum on meadowlarks in South Texas is similar to that recorded for this species in Georgia (Bishopp & Hixson 1936) , but considerably different from that recorded in Oklahoma (Semtner& Hair 1973) . · Semtner & Hair (1973) found larval feeding activity to occur from late June through late July in Oklahoma, following adult activity on cattle from April to early June. Nymphs were reported feeding on Eastern meadowlarks from early July to early October. In Georgia, larvae were collected from Eastern meadowlarks from October through December; nymphs were collected from October to early February, with highest numbers collected during January and February (Bishopp & Hixson 1936 ). Hixson (1940) noted that adult A. maculatum attack cattle in Georgia from mid-April to early October, with greatest feeding activity occurring from June to September. The seasonal activity of A. maculatum in South Texas more closely resembles that described by Bishopp & Hixson (1936) and Hixson (1940) . Gulf Coast ticks are believed to have entered the Oklahoma-Kansas area in the late 1950's and became economically important to cattle producers by the 1960's (Semtner & Hair 1973) . Differences in seasonal activity exhibited in the newer geographic distribution suggest adaptation to the new environment and would be an interesting area of future study. Although South Texas is part of the general distribution for Eastern meadowlarks, this area marks the southeastern limit of the winter range for Western meadowlarks (Robbins et al. 1966) . Little is known of the migratory habits of these birds, so it was of interest when neither species was present in the study area during October. The absence of meadowlarks in October, observed in 1981 and 1982, appears to mark the end of outward migration of Eastern meadowlarks and a'n interlude before the return of Western meadowlarks (Fig. 1) . The Eastern meadowlark migratory pattern de-36 JOURNAL OF MEDICAL ENTOMOLOGY Vol. 25, no. 1 scribed by Robbins et al. (1966) overlaps the distribution of A. maculatum in the United States. The northward extension of this tick during the 1960-70's generally has been attributed to movements of cattle and successive years of abundant rainfall (Semtner & Hair 1973) . Migratory birds such as the Eastern meadowlark may also play an important role in the distribution of this tick, as suggested by Snoddy & Cooney (1984) .
A. inornatum. This tick normally is distributed from southern Texas into Mexico and is noted as the only.inornate Amblyomma in North America (Eads & Borom 1975) . Seven A. inornatum larvae were collected from meadowlarks: three from Western meadowlarks in December 1981, and four from Eastern and Western meadowlarks in February 1982, with from one to three larvae recovered per bird. Nymphal A. inornatum feeding activity commenced 1 mo after initial larval activity, peaked in March, and continued until June. Eleven nymphs were collected during the study, with from one to three nymphs per bird. Two male A. inornatum were collected from Eastern meadowlarks, on 26 and 31 March. Eads & Borom (1975) collected immature A. inornatum in Cameron County, Tex. (ca. 100 km southeast of the project area), during July-November, as well as in February, May, and December, leading them to conclude that the reproductive cycle continueS throughout the year. The majority of A. inornatum were collected from mammals, with the hispid cotton rat being the major host. Although a variety of ground birds was examined by Eads & Borom (1975) , only the roadrunner, Geococcyx californianus (Lesson), and curvedbilled thrasher, Toxostoma curvirostre (L.), were parasitized. There is no mention in the literature of previous collections of A. inornatum from Eastern or Western meadowlarks.
H. leporispalustris. A total of 131 larvae was collected from Eastern and Western meadowlarks. Peak larval feeding activity occurred in December, with 27.899 of the bird population infested (Table  1) , 1-34 larvae per bird. From November to April (Fig. 2) , 132 nymphs were collected from both bird species. Infestations ranged from 1 to 12 nymphs per bird. Peak nymphal feeding activity occurred in February. Leporids are the primary host of this tick (Harwood & James 1979) . To estimate the relative importance of meadowlarks as a host for H. leporispalustris, six jackrabbits, Lepus californicus Gray, wc;lre collected and examined, three each during both December and January. All of the jackrabbits were infested with H. leporispalustris. Infestations ranged from 155 to 320 immature ticks per rabbit in December and 97 to 210 in January. The average was 227 and 145 immature ticks per rabbit in December and January, respectively. Numbers of H. leporispalustris found on jackrabbits in the study area were 76-96% higher than those collected from infested meadowlarks during the same period. On a per-host basis, Eastern and Western meadowlarks contribute a small percentage to the total population of the rabbit tick; however, the greater meadowlark density and migratory habits may play an important role in the maintenance and spread of H. leporispalustris into uninfested areas. Strickland et al. (1976) noted the importance of H. leporispalustris as a vector of tularemia in the United States and suggested that H.leporispalustris'may be an important factor in the maintenance and spread of Rocky Mountain spotted fever among wild animal reservoir hosts.
It is of interest that we did not collect Haemaphysalis chordeilis (Packard) from meadowlarks during the survey. This tick is commonly collected from birds (Clifford et al. 1961) , and the Nuttal tick catalogue (Keirans 1984) contains four collections of H. chordeilis from Eastern meadowlarks in Victoria County, Tex. Victoria County is ca. 283 km northeast of the collecting area and is defined ecologically as Gulf Prairie.
Insect Ectoparasites. Menacanthus sturnellae Price (Mallophaga: Menoponidae) was a frequent parasite of both Eastern and Western meadowlarks, with infestations ranging from 9% of birds in December to 54% in June ( Table 2 ). The M. sturnellae pdpulation increased from December to March, and percentage of birds infested remained near 50% until July. Numerous nits were observed on neck feathers of several infested birds in March. M. sturnellae was described from specimens collected from Eastern meadowlarks (Price 1977) . The description includes examination of paratypes collected in Texas. The collection of M. sturnellae from Western meadowlarks appears to be a new host record.
Bruelia picturata (Osburn) (Mallophaga: Philopteridae) was also a frequent parasite among birds of both species. This louse was described from spec-. imens collected from Eastern meadowlarks (Osborn 1896) and has previously been reported from Kleburg County, Tex., on Western meadowlarks (Wiseman Collection, Texas A&M University) and from Uvalde County, Tex., on "meadowlark" (Wiseman 1959) . Table 2 shows that percentage of birds infested each month ranged from 0 to 26%. The variation in monthly collections of this louse does not appear to indicate any clear trends in seasonal population dynamics. The largest infestation was on birds collected in November, the month in which Western meadowlarks returned to the area.
A single male specimen of Columbicola macrourae (Wilson) (Mallophaga: Philopteridae) was collected from an Eastern meadowlark on 24 March 1982. This louse was described from specimens collected from Eastern mourning dove, Zenaida macroura carolinensis (L.) (Wilson 1941) , and its distribution is believed to be limited to the eastern portion of the mourning dove, Zenaida macroura (L.), range (Keirans 1967 M. pusilla has been collected widely in Texas and is frequently found on many species of Passeriformes from November through April (Bequaert 1955) . Mites from four suborders were recovered from meadowlarks and will be the focus of further study. Quills and respiratory passages were not examined for mites. Astigmatid mites included Proctophyllodes ttisetosis Ewing & Stover, Analges sp., and Mesalgoides sp. A prostigmatid mite, Bakericheyla sp., and the mesostigmatid mites Ornithonyssus sylviarum (Canestrini & Fanzago), Ptilonyssus sp., and Hypoaspis sp. were also collected.
In South Texas, Eastern and Western meadowlarks seem to play an important role in the biology and ecology of several ectoparasites that also attack other wildlife species and livestock. The relationships of ectoparasites and the biology of these migrating songbirds is unstudied. Many of these parasites attack the birds for brief periods and on a seasonal basis (ticks); others (lice, louse flies, and mites) reside and reproduce on the birds. Williams & Hair (1976) found no significant correlation between Eastern meadowlark body weight and several blood parameters and the level of immature A. maculatum parasitism, suggesting a tolerance for the level of parasitism observed. Further investigation of the host/parasite relationships that includes the migration and nesting behavior of the meadowlarks could add new information on potential effects on the host and on parasite dispersal.
